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SUBJECT: CHARACTFRISIICS OF STANDARD FLIP-FLOP, BASIC CIRCUIT F-FI.

Tao: 53ks Bnginsers, Syivanis
From: John M. Hunt
Tats: May 21, 1048

SUN: ARY

This report outlines the results of tests conducted to determine
the operating characteristics and vsrformance specifications of Basic Cir-
cuit F~-P 1, Drawing B-31559, and has beenwitten to provide quantitative
data to expadite denien and testing of cirsults incorporating the basic
flip-flop as & component.

& description of several eariy tyve flip-flops, as well as ths

_preliminary design of the existing basic flip~-flop, is included in Report

R-113. Since Report B-113 was written (March 19, 1947) several circult
changes have been made which aporeciably alter the performance of the flip-
flop circuit.

D. C. Mip-Flop Operation

Because of tke fact that the cross-feed resistors,which coupnle the
plstes of the flip-flop to the oviosite gride,are direct coupled (i. e., nn
blocking capacitors are used to isolate the &.c. componenta of the feedback
signals) performance of the basic flip-flop is independent of fraguancy
from zero to the maximum usable freqaency of at least 5 megacyclas. The
uppar frequency limit is determined by <dwitching time, which is orimarily
controlled by the time conetant of the R-C combination of output~-circuit
capacitance and plate-load rasistance. Operating volteges and currenis,
and component dissivations, ars therefore independent of swiiching frequency

~ (neglecting the very slight effects of circuit casacitances and inductancae

at high fraquencies). Consequently,determination of these onerating char-
acteristics with the flip-flop in the steady-state condition ia possible.

Altrough 1 nercent tolerance resigtors have been sphecified for
the flip-flop of WVIl, variations of GAG7 tube characteristics and supply
voltages result in apureciable chenges in circuit currents, voltages, and
diesipations. Using a pair of 6AG7 tubes having characteristics which
aporoach the averspe of a number of production tutes {msted, and maintaining
supply voltages at the design values of 120 volts for screen supply and 150
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volts plate suoply, the following data vere obtalned:

(A1l indicated voltazes were weasured with resnect to ground and
are actual cirsuit voltases with no arror attributable to voltmeter loadinp
,ha z.ir"uit }

Tetal Current from 150 v supoly
- Total Curr-nt from 11120 v supnly

'E'QQ Dlﬁﬂ"\'\ﬂf-‘gsn#‘ .. ’ . Rat ed f'iax_ig'.’l.ﬂ_!}
P'fme niosxpatiu- : , 9 wattse 1.23 watte
§5r zei Dlasization ' ; T 1.5 wavte 0.75 watts
Com;rq), (:rm Digelpaiican . Nagligiuvls
gtstu DIna-nm.iom . : " Aesisior Hatlns Actual Dissipation
P ”KIEOQ 'ah.:'a Flate Load-Réstatcr « - ' 8 watts 2.31 watto
“HG00 ‘ohm Pead-Pask Lesistor e e B 8 watte 1.5t watss
2000 ohm COrid Rsslstor oo £ watve 0.L8 watts
el GE0--ohm Gathode Regletor .. . .  watte 1.13 watte
| 220° ohm Plute Decoupler 2'watts 0.6L watts
220 _ohm Screen Decounler 1 watt 0.02 watte

N Nuta ¢hat all ‘diesinationa, wlbh the &x eptxon of LAG? screer grigd
and 820-aluu cathode registor, are less than ons-half of the corresponding

" rated maximums., The GAGT scresn dissination is 53 percent of raved maximum

@nd 820 oham cathode-resistor dissination ie 57 percent of rated maximum.

Eylsed Operation of Flip-Rlop

From the ureceding dat,a. the *)la.ta-voltaps change from on to' off
fc.r d.c. ovaration 1s observed to he 32 volis,  For p.iuad o eration with
120 volt screen miwly and 150 voli plate suonly the nlate voltare excursion
during switching ts also 32 volte aiv all frequencles up to the maximum wsable
ewitching frequency of apnrovimately 5 megacycles. A ten-.volt reduction on
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both ecreen and ciaie supnly woltares reduces the plate voltage swing
during switcling to 29 volts, while a 10 volt increase in plate and
6creen sunmly voltages increases the output voltage to 36 volts. The
flip~-flop circuit is stable with consideradbly grmater variatione in plate
and screen sunnly voltages but onperation of Wil undur such conditionse 1is
not anticionate?,

The magnitude of the trigger puls- doeeg not affect autout
vie ape swing, hor does output circult loading by eare tubes or indicator
circuite. However, cansacitance shunted across the plate load dczs increase
tthe rise tiae of the circult duzins switching { see Figures 1 to 12).

Yariations of gcreen and nlate gucnly voltaces affect the
seasitivity of the flip.flep to trigper nulses, but the lange in minimum
vl ge amplitude required to trigper the fiip-flop ia argligidle for I 10
vilte variation in supnly voltages. With 150 vnlt nlate supply voltage
and 120 velt screen sunnly veoltage a 0.1 micriosecond half-sine wave sulse
of anoroximately six volts annlitude will trigpger the fiip-flop, pules
gsansitivity helneg avhroximately the same for ulses applied either to
cuntrol grid or to cathodes, vositive pulses being applied to the cathode
and negative nulse to the grid, resnectively.

OQutyput Wave Shapes

A Model § synchroscope was used to determine the output voltage
wave ghapee dXf the flip-flop. The uovper vertical deflection plate was con-
nected to the nlate of one of ihe “lip-flop tubes throurh a 120 micromicro-
farad mica cavacitor, the cathode-ray tube dsflecticn plate being returned
to ground through a 0,82 maschm resistor. The capacitance of the deflection |
circuits and teet lead was anproximately 15 micromicrofarads., The synchros-
cope trace was vhotograshed, the horizontal ewee speed having been adjusted
to cauee two large divigions (20 ssall divisions) of the coordinate grid-
work to corres:ond to exactly one microsecond. Each small division vertically
corrssponds anmroximately to six volts innut signal voltage to the deflection
nlate, Figuree 1 tc 12 are typical output voltege wave oscillograms undss
various pulse and outnut canaclitance loading conditicne.

F pures 1 tc 6, Dr-wing A-32205, and Figures 7 to 12, Drawing
A- 32266, are photogravhs of the outvut wave shaps of a flip-flop with 15 volt
palred restorer oulses, anaced one microssecond at a repstition rzte of 10
kilocycles driving the cathodes of the flip-flops. 1ln each of the twelve
nhiyterranns an additicnal nulse, timed %o occur during the one microsegond
interval between the regtorer pulses, is apnlied to the flin-flop each time
the aynchroacone trace 1s triggered. As a result the flip-flop tubdbe to
which the synchiroscone i3 conracted is caused to switch from Off to ON wiih
each alternate trace of the synchroscone; the effect of this reversal, com-
bined with the restorer action (which occurs at the extreme edges of the
»hotogranh) 1s to nroduce the doudble trace observed in Fisures 1 to 12. 1t



6315
Engineering Noies E-ill Page U of 8

should be understood that only orne trace anvears with sach ewesp, She two
traces adtpeariny alternately at a frequency corresronding to the trigeer
nulse repetition fraguency of 10 kilocycles and that the plate voltage of
only one of the flip-flop tubes is being observed.

. In Figures 1 to 6 negative trigrer oulses were fed %o the grid
cireuit of the .-flip-flep: in Figures 7 through 12 voeitive irigrer suisesa
were annlied to the cathode. The magaitude of the sulses is indicated under
each photorraph., Figures 1 to 3 and 7 to 9 indicate output voltage with no
shunt capacitances other thar the staniard tl1ip-flop circuit wiring, an
sutnut cousling circuit CC-1 and indicatcr circuit IND-1. No gats tube was
connected to the flin-flov as the synchrosczone deflection-~-input casacltance
annroxlaately is eguivalent 20 the typlcal load capacitance wiaich would ue
sccountered in Wil anolications of the basic flip-flop. In Pigures U to 6
and 10 to 12 an additlonal 20 micromicrufarad mice capacitor has been shunted
‘from each: flip-flop plate to ground to simulate an unusually heavily loaded
flip~-flap. It 18 not anticipated that an~reciable conductance will Dbe
shunted ecross the flip~-flop plats circuit by the tyne of loads used in Wil,
althousr the low output imp.dance ¢f the flip~flop (of the order of 1500
ohmus) permits some outnut-load shunt conductsance without seriius reduction
in f1lip-flop outnut voltpge or reliability of nerformance.

Note that the trigeer buleses, particulerly if of considerable
nggnituds, apnesr pe Aistortion in the scutnhut wave shaoe, cathode trigger
puigss appearing as vositibe pulses superimrcsed on the plate voltage and
grid pulses aopearing as negative nulses on the plate wave forms.

Switching time can be sstimated from the photograpi.s without
d1fficulty. Resolution time (1. e.,, the minimum time separation between
two adjacent pulees which will permit the flip-flop to respond {0, both the
individual pulees) cannot be .determined from the photogrdahs in this report
ut has been observed to be of the order of 0.15 miocroseconds, although
this figure 13 only a rough avnroximation as oulse shape and magnitude
ap.reciadbly affect resolution time.

The output voltage on all of the vhotogranns is aporoximately
32 volts. Becsuse of the 100-microsecond time constant of the R-C coupling
cirev 't which isolates the d.c. component of flin-flop plate voltage from
the vertical deflaction plates, the difference in voltage detween the two
successive (uvper and iower) tracec immediately ahead of the first restorsr
oulse 18 less than 32 volts, as at this point the upner trace has dbeen
falling and the lower trace has bdeen rising for 9 microseconds dbecause of
charging of the 120 micronicrofarad counling caoacitor in the synchroscove
deflection circuit. At low values of restorer-milse repetition rate cr low
synchroscote counling circuit time constant the effect of ayachroscone
coupling time constant is quite pronounced, the two traces to the left of
the first restorer nulse apnrcaching one another closely and separating a
corresnonding amount to the right of the first restorsr nulse. Unless a
aynchroscouve couvling time constant of less thah 50 microsaconds is used
the difference between the voltages indicated by one of the two traces
imnediately before and immediately after switching, is vary nearly equal
to the actusl flip-flop voltage swing during ewitching.
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" Sterting of Flip-Flop

Because of the clamying circuit connected t» the flip-Iliaop
plate cireuitv, difficuity may bt® exverienced in caueing tiue flip-flop in
start (1. e. to respond to restorer pulsse whan the f1iyp.flop haa been
at d. c. equilibrium for one second or more) The reaeon for this diff.
iculty is that the 0,01 microfarad coupling cspacitor connected to the
conducting flip-flop tube plate is charged to a voltage eual tc ths
plate-%o-ground voltase of the conducting flip-flop tube viien the flip-flop
hae been £t d.c. equilibrium for cne second or more. Attespts to trigger
~the 'lip-flop are unsuccoessful unless the On tube of the flip-fiop 1s
driven 9 cut-off for a period of time long enoush for this 0.0l micro-
fared capacitor to charge through the forward resistance ¢f ne INJ4 clamp
rectifier and effective generator imvedance of the flip-flop output osir-
cuit to a voltage sufficiently high to cause the 0ff tude, because of
positive voltare feed back through the cross feed resistors from the
-opposite plate circuit, to degin to conduct. After the flip-flop upests,
_lubuqm)mt response to trigger pulses is normal (11' the pulse nrf 1s not
too low

.  Because of the relatively low discharge time conetant of the
coupling circuit it 1s not necessary that the cepacitor de charged by &
single puise, a prolicngeld zsquence of suises parmitting ineressatal ine-
creases in capacitor voltase until the plate voltage reaches a value
sufficlently high (0 upset the flip-flzp. However, as the voltage across
the capacitor inoreasas, the rate of loss of charge between pulses incoreaaes
and it is therefore possidle for the capacitor voltage to reach an equil-
idrium valus for a given recurrant Srigger pulse, which is not sufficlently
high to upset ths flip-flop. The result is zmz the fnp—ﬂ.op cannot be
started unless the pulse repetition raic is increased, vulss magnitude is
increased, cor some expedient such as nouont.a.rily removing the flip-flop
screen voltm is uuluod.

For a given culse width and voltago the miniptm pid necessary
for flip~-flop seif stariiug ic dstermin+d by the raiio of discharge to
charge time constantz of tha couriing cir~uii, This ratio is determined
primarily by the back Te:istauoe of the IN3L clamp rectifier, the charge
time constant not being aporeciably affected by the low forward resistance
of the IN3Y4 uooot at very low voltages. 7The dacketo-front resistance
rativ .of the IN}M increases greatly with increased crystal voitage -~ for )
this reason an operating flip-flop is not aporeoiadly loaded dy the coupling ‘
circuit as the orystal back-resistance increases during flip-flop overation
to a value wviiich reduoes clanmn circuit discharge between Trestorer oyoclet
to a negligidle amount.

A shunt resistance nof 0.27 masohme 3cross a clamo circult
INJL having very high back resistance (considsrably greai.er than one msgohm
at 20 volts vhen tested on a WY standard IN3Y tester) permitted reliabdls
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gelf-starting with apnlication of 16 microsecond standard 15 volt paired
restorer vulses to the flip-flop cathodee. An 0.18 megohm shuni caused
unreliable etarting under similar circumstances, while a 0.1 megohm
shunt resistor nrevented starting with 10 microsecond restorers.

The extreme variation of IN3L resistance with andolied voltage
vrecludes the nossibility of accurately =svecifying a minimum back resistance
(sicasared at a fixed test voltage) which will sssure raliable flip-flop self
starting at all timas. It is believed that INIU's having che highest avail-
able back resistance withir reascnadble comnercial limitations should be used
for flip-fleop outnut counling slamp crystals if eelf starting is essential.
In the aveat that it is not practicable to use circuit constante such that
self starting is ncssible, the flip-flops can be easily startead by momentary
removal of screen voltage; the fuct that such a circuit requires exiernal
action to iritiats operation is not in reality a serious dispdvantage since
it L3 obvious that self re-starting of an osteneibly operative flip-flop
which has falled to cperate for a short period will very probably cauas
more trouble than comvlete fallure of the flip-flop.

Self-starting ability is not anvreciadbly improved by reduction
of vhe capacitance of the output counling capacitor unless the capacitance
is reduced to an unreasonably low value. It is necessary that a moderately
larse counling capacitor be used to maintain a high coupling circuit time
constani, otherwise restorer repstition rate must be unduly increased.

Sensitivity to Power-Supply Fluctustions:

Rapid changss of screen or nlate wupnly voltage, such as
wight be caused by the operation of other nulsed circuits on a common
powsr supply with the flip-flop, can reeult in triggering of the flip-flop.
To detercine the approximate sensitivity of the flip-flop to triggering Wy
such unwanted nulses a circuit was constructed wherein an apnroximately
rectangular nulse of 4 microseconc duration and having a 0.2 microsecond
risc time could ds ineerted in series with the plate or screen cuooly lines
of the flip-flop.-

Both positive and negative culsee were applied to the screen
supply line, to the plate supply line, and to the screen of one of the
flip=-floptudbes, the cther screen being operated at 120 volts without an
interference pulse. Figures 13 to 18, Drawings SA-38417 and SA-38U1S,
indicate the apnearance of the supply-line nulse and vhe corresponding
Julse at the output or flip-flop side c¢f the 220-chm 0.0l microfarad
decounling filter in the corresnonding supnly lead. Figures 13 and 14
represent tha vulse apvlied to both screens. Figures 15 and 10 represeat
the pulse apvlied to ons screen only, while avnlication of nulses to tie
plate supnly line is indicated in Figures 17 and 18,
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Figures 14 and 16 (poetiiive pulses apolied to both screene
and to one scresn only) indicate the maximum pulse aveiladle from the
mulse genszrator, a value which was insufficient to trigeser the fiip-flop
(the existing flip-flop is quite insensitive to increase in soreen supply
voltage). The remaining figures of the group indicais the minimum supoly
pulse necessary te trig:-sr the flip-flop. It is 1nterestin¢ to note that
the flip-flop is relatively insensitive to such power suppiy disiurbancss,
and that the decoupling circuit doea not appear to be particularly effec-
tive 4n removing comvaratively long duration (4 microsecond) nulees on the

supply voltages.

Marginal Testing by Lowering Screen Voltages

Ona of the most nromising meivhods of detecting ths presence
>f marginal fiiv-fiop tubes in ths comnutsr is cheervation of fiip-flop
nerformance with one of the tubdes operating at reduced screen vcltage,
weak tubes presumadly being less tolerant of reduction in acreen voltage
than good tubes. PFour GA07 tudes which had bsen operated for 1500 houre
in a 1life-teat rack were used in a test flip-flop to determine the
effectiveness of the proposed marginal tube detection scheme. Becauee of
the performance of these tubes in wvarioues flip-flope in the laboratory
and bdecause of the length of time these tudes were overated in the life
teat rack it is believed that they were representative of marginal tubes
to be encountera~d in oneration of WWI.

The following table indicatea the range of acreen ait.e:o
ticn (on one tube only - the screen of ike other tube was maintained

{120 volts during the tastc; throughout which the flip-flop is etabdle.

Flip=-Flop Tube Nusbdere Range Screen Voltage for Stable Operation

Left Tube Right Tubde Left Tube Scraen Right QSF 8%0.&
Voi'tgo Vg_hd oltaze Vo'le
1 2 00 -~ 170 g4 - 175
1 a 86 - 175 85 - 183
1 ' 95 - 166 80 - 163
2 3 89 - 186 89 - 190
2 4 95 -~ 162 80 ~ 161
3 4 87 ~ 200 80 ~ 154

in view of the above information, wuich is.of course, quite
lnconploto. it appears that lowering of the screen supply lines individually
will provide a reasonably satisfactory cheak on marginal tubes. It shoald
be realized, howaver, that with the best available paired 6AG7 flip-flop
. tubes reduction of one screen to approximately 85 volts results in inatability.
Hence the method certainly is mot foolproof and care must be teken to deter-
mine the most realistio value of depreased screen voltager consistent with
detection of the maximum numbder c¢f marginal tubes and the ral2stion of the
minizum numder of good tubdes,
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Drawings: A-32265
rewines A-32266
Sh~ 38417
SA- 38118

Sign
ofin M. Hunt

Approved:

David Brown
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Armed Services Technical Infomation Agency

Because of our limited supply, you are requested to return this copy WHEN IT HAS SERVED

YCUR PURPOSE so that it may be made available to other requesters. Your cooperation
will be appreciated,

NOTICE: WHEN GOVERNMENT OR OCTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS

NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE

SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR.PERMISSION TO MANUFACTURE,
USE OR SELL ANY PATENTED INVENTION THAT"MAY IN ANY WAY BE RELATED THERETO.
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